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Inhomogeneous acoustic velocity in human tissue introduces phase aberration and degrades image quality in ultrasonic imaging systems. There have been some reports proposing correction methods for its removal. 16 A time-delay focusing technique was proposed by S. Flax and M. O'Donnell.1,2) Cross-correlation of radio-frequency signals is used to estimate the time-delay between elements of a transducer array. The time-delay profile determines the optimal timedelay characteristic required to focus. Recently, M. Fink introduced a time-reversal approach.4-8) The pressure field detected with a set of transducer elements is digitized and stored during a time interval T. The pressure field is then retransmitted by the same transducers in time reversed order (last in, first out). However, there is still a need for further investigation for ultrasonic field propagating through inhomogeneous velocity layers. We obtained some analytical results for the ultrasonic field, and they show that proposed approaches as described above retain some problems to be solved.
A two-dimensional model is illustrated in Fig. 1 (5) is an infinite series. Only the lower order terms of the series, however, are significant and other terms can be ignored. This is because the Bessel function is very small for a sufficiently large order (this can be described with its asymptotic behavior Jn(a)=(a/2)n/n! for |n|>1).
Two simple cases can be discussed as follows:
Case 1: Suppose an inhomogeneous velocity layer produces a phase variation with a period smaller than wave length of ultrasonic wave, Ad <A i.e., |kd|>|k|. The second expression of Eq. (5) Fig. 1 A two-dimensional model. A plane wave is incident on an inhomogeneous layer at z=d which produces a phase variation of cosine shape in x direction, and then the wave propagates to an array at z=0. are the factors involving amplitude variation and phase variation of wavefront at z=0 respectively. In the derivation of Eq. (7) we used a power series of exponential function for approximation in some places. Figure 2 shows examples of A(d) and B(d) as a function of d with a=0.5, k=14.3mm-1, and kd=k/5. The disorder of the amplitude in the x direction and the disorder of the phase in the x direction appear reciprocally in the wave propagating path.
Our purpose is to correct the phase aberration arising at z=d in an array focusing system. It is important to note the significance of this analytical results given. above. As seen from the case 2, if the distance between the array and the inhomogeneous layer arising phase aberration, d, is not sufficiently small so that we have A(d)=0 and B(d)=a, the wavefronts reaching the aperture of the array undergo a change of the amplitude and the phase as a function of the distance. The same statement is true for the wave moving in opposite direction transmitted from the array. An algorithm to estimate the change and then to correct the information obtained by the array are necessary for both the time-delay focusing technique and the timereversal focusing technique.
